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摘 要 
金属腐蚀问题给人们生活带来不便，且造成巨大的经济损失。传统金属防腐
蚀方法均存在一定的缺陷。因此开发低能耗、环境友好型的金属防腐蚀技术具有
重要的科研及应用意义。基于微纳米 ZnO、TiO2 优异光电化学性能的新型防腐
技术--光生阴极保护技术已引起人们的广泛关注。但 ZnO、TiO2 只能吸收紫外光，
光生载流子易复合，且暗态下难以持续对金属进行阴极保护。因此，本文采用工
艺操作简便、常压低温条件下的湿化学方法制备 ZnO 阵列及对其进行 TiO2、
Fe-TiO2 复合薄膜修饰耦合，并通过光电化学测试技术研究微纳结构复合阵列薄
膜光阳极对 304 不锈钢的光生阴极保护性能。主要研究内容及结果如下：  
1. 采用电化学沉积技术（ED）预制备 ZnO 晶种层结合化学水浴溶液法（CBD），
在 FTO 基底上生长 ZnO 纳米棒阵列。考察电沉积实验参数对阵列形貌结构
的影响。结果表明，在沉积电位为-0.8 V、5 mM Zn(NO3)2 及添加 KCl的电解
液中预沉积 ZnO 晶种层条件下，成功制得垂直基底均匀生长且阵列疏密度最
优的 ZnO 纳米棒，并探索 ZnO 阵列结构生长机理。 
2. 将制得的 FTO/ZnO 纳米棒作为基底内核，通过低温液相沉积技术（LPD）在
ZnO 上生长包覆 TiO2 外层薄膜，研究不同 LPD 时间所得复合薄膜对 304 不
锈钢的光生阴极保护性能影响。结果显示，沉积 0.5 h 所得 FTO/ZnO/TiO2 复
合阵列薄膜对 304 不锈钢具有最佳的光生阴极保护效果。 
3. 发展了一步法 LPD 技术制备不同配比 Fe 元素掺杂的 TiO2 薄膜，并探讨其对
304 不锈钢的防腐性能。研究得出，等体积 20 mM TiF4 与 60 mM Fe(NO3)3
的混合前躯体溶液中得到的 FTO/Fe-TiO2 复合薄膜，具有最佳的光电化学性
能，且对 304 不锈钢具有暗态下持续阴极保护作用。 
4. 将最优形貌结构的 ZnO 阵列作为内核，一步法 LPD 生长 Fe-TiO2 外层，并考
察所得复合薄膜对不锈钢的防腐性能。结果表明，生长 10 min 所得
FTO/ZnO/Fe-TiO2 复合阵列薄膜对 304 不锈钢具有最佳的光生阴极保护性能
及暗态下持续有效的阴极保护防腐效果。 
关键词：ZnO 阵列；TiO2 薄膜；电化学沉积；液相沉积；光生阴极保护
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Abstract 
     Metal corrosion problems bring inconvenience to people's life, and also can 
cause huge economic losses. All the traditional methods of anti-corrosion for metal 
have some defects. Therefore, the development of low energy consumption, 
environment-friendly anti-corrosion technology for metals has important scientific 
and practical application significance. Based on the excellent photoelectric chemical 
property of micro-nano ZnO and TiO2, a novel anti-corrosion technology for 
metal--photogenerated cathodic protection technology has aroused people's wide 
concern. However, ZnO and TiO2 can only absorb ultraviolet light, owning high 
photo- induced carrier recombination, and cannot afford sustaining cathodic protection 
for metals in dark. Therefore, the simple, low temperature wet chemical routes were 
developed to prepare ZnO arrays decorated by TiO2, Fe/TiO2 composite in this paper. 
Moreover, the photogenerated cathodic protection behaviors of the composite films 
coupled with 304 stainless steel (304SS) were also investigated through the 
photoelectrochemical measurements. The main research contents and results are 
outlined as follows: 
1. ZnO nanorod arrays were successfully prepared on FTO conducting substrate by 
chemical bath deposition (CBD) method combined with pre- fabricated ZnO seed 
layer prepared on it via electrochemical deposition technique (ED). The effects of 
deposited parameters on the arrays morphology structure were studied. The results 
showed that ZnO nanorods with uniform vertical direction and optimal array 
space density were achieved prepared from 5 mM Zn(NO3)2 + 0.1 M KCl 
electrolyte, at -0.8 V, pre-prepared ZnO seed layer. Furthermore, the possible 
mechanism for the formation of ZnO nanorod arrays was also discussed and 
proposed. 
2. TiO2 shells were successfully deposited on the core of optimal ZnO nanorods by 
the low temperature liquid phase deposition (LPD). The effect of deposition time 
on the photogenerated cathodic protection behaviors of the composite films 
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coupled with 304SS was investigated. The results showed that most effective 
photogenerated cathodic protection for 304SS were achieved prepared in solution 
for 0.5 h.  
3. One-step LPD technique was developed to prepare Fe element doped TiO2 thin 
films using different contents of ferric nitrate. And the effect of Fe content on the 
anti-corrosion property for 304SS was investigated. The results showed that the 
most effective anticorrosion property was achieved prepared from 20 mM TiF4 + 
60 mM Fe(NO3)3 solution. But most important, the FTO/Fe-TiO2 composite film 
revealed an effective and sustaining cathodic protection for 304SS even in the 
dark.  
4. TiO2 shells were successfully deposited on the core of optimal ZnO nanorods by 
the one-step LPD technique. The effect of deposition time on the anti-corrosion 
behaviors of the composite films coupled with 304SS was investigated. The results 
showed that most effective photogenerated cathodic protection for 304SS was 
achieved with FTO/ZnO/Fe-TiO2 composite film shell under LPD for 10 min. It 
can afford continuous effective anti-corrosion property for 304SS even in dark.  
Keywords: ZnO arrays; TiO2 thin film; Electrochemical deposition; Liquid phase 
deposition; Photogenerated cathodic protection 
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